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Abstract
Natural disturbances play a fundamental role in maintaining habitat and landscape hetero-
geneity; however, these events can also have negative effects on some species. While we
know that disturbances can reduce habitat quality for many species, leading to diminished
populations and altered community structure, the effect of these events on individuals that
continue to occupy affected areas remains unknown. We focused on understanding the
impact of flood-mediated reduction of habitat quality on Swainson’s Warblers (Limnothlypis
swainsonii). In 2008, a catastrophic flood event occurred on the Mississippi River and its
tributaries, severely affecting one of two locations where we had studied territorial males
since 2004. To determine the impact of flooding on this species, we evaluated how body
condition and apparent survival of males differed between locations and in pre-flood (2004–
2007) and post-flood (2008–2010) periods. Body condition did not differ between locations
after the flood, suggesting that flooding did not cause food limitation for this obligate ground
forager. Apparent survival in the post-flood period was lower at both locations and led to
near population extirpation at the heavily flood-impacted site. Overall, this study demon-
strates the vulnerability of species to extreme hydrological events, an increasing threat due
to climate change. Future research should focus on identifying species that are vulnerable
to these events and determining appropriate conservation strategies. Conservation for the
Swainson’s Warbler should focus on identifying and conserving the highest elevation, least
flood prone areas within bottomland hardwood forests and managing those areas for thick
understory vegetation.
Introduction
Natural disturbances play a fundamental role in creating habitat and landscape heterogeneity
that benefits various taxa [1]. For example, flooding is known to create and maintain diverse
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environments within riparian ecosystems by influencing plant communities [2] and regulating
nutrient processing [3]. As a result, floodplains are highly productive and diverse ecosystems
[4]. Yet, floods can differ greatly in prevalence, timing, extent, and intensity [5–7] and, despite
the benefits; extreme hydrological events can have negative proximate impacts to many taxa
[8–10]. This is particularly important for species of concern, where extreme flood events can
threaten conservation efforts. Ultimately, understanding how species respond to floods is espe-
cially relevant given expected increases in climatic variability due to global climate change
[11], which may lead to more frequent extreme hydrological events [12,13].
For birds, responses to extreme flooding can vary depending on the spatio-temporal extent
of the event and their ecology. Changes in habitat as a result of prolonged flows have been cor-
related with subsequent changes in density, occupancy, and community structure [14–16].
Within the Mississippi Alluvial Valley, flooding has been documented to alter understory veg-
etation in floodplain forests. Specifically, understory dependent and ground foraging bird spe-
cies appear to be especially sensitive to extreme flood events [14, 15, 17, 18].
Beyond evaluating changes in habitat use by populations and communities of birds due to
flood-induced habitat alteration, studies have shown these events can have consequences to
individuals. For example, flood events have caused direct affects to birds by causing nest fail-
ures [19–21] however in at least one case flooding increased nest success due to predator exclu-
sion [22]. Additionally, flooding can have indirect effects on birds by affecting the types and
amount of prey items [23], which can affect adult body condition and apparent survival [24]
both known to be important for population trajectories [25,26]. As a consequence, under-
standing how flooding affects these demographic parameters is important for species of con-
servation concern that are affected by extreme hydrological events.
One such species is the Swainson’s Warbler (Limnothlypis swainsonii). This warbler spe-
cies breeds in the southeastern United States, winters in the Caribbean Basin, and inhabits
areas with dense understory vegetation [27]. Swainson’s Warblers are uncommon and local
throughout their breeding range, and are ranked among the highest-priority species for con-
servation [28]. Swainson’s Warblers forage for arthropods in terrestrial dead leaf litter, primar-
ily by flipping dead leaves and poking their bills into litter on the ground [29–32]. Primary
habitat for this species is bottomland hardwood forests of the southeastern US [27]. Within
bottomland hardwood forests, this species has shown elevational preferences by selecting to
breed in only the least flood prone areas [33]. However, field studies have documented aban-
donment of previously occupied territories as a result of extreme flooding events [34, 35, 16,
17]. Unfortunately, the highest elevation areas of bottomland hardwood forests have been
mostly converted to agriculture [36] and remaining habitat has been subjected to increased
depth and duration flood events as a result of existing flood control levees [34,37,16]. Thus,
understanding the demographic response of Swainson’s Warblers to flooding in these habitats
has important conservation implications for populations of this and other species using bot-
tomland hardwood forests.
To study demographic responses of Swainson’s Warbler to flooding intensity, we investi-
gated the influence of flooding on body condition and male apparent survival. We examined
these responses in a system where we have studied marked populations of males for both 4
years pre-flood and 3 years’ post-flood, providing a unique opportunity to evaluate how flood-
ing affects habitat quality for this species of conservation concern. Previous research [18]
found that territory abandonment of males after prolonged inundation lasting more than 1
month was associated with reduced leaf litter depth and cover, arthropod abundance of
known Swainson’s Warbler prey, and shrub densities. Yet, it is not known how these changes
affect birds that continue to occupy territories during and after flood events. We assume a
reduction in these habitat variables and reduced arthropod abundance likely would diminish
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habitat quality and lead to diminished habitat quality for an understory dependent ground for-
aging species such as the Swainson’s Warbler. To assess if the reductions of these variables sub-
sequently reduced habitat quality for individuals continuing to occupy territories after the
flood, we monitored and assessed indirect measures of habitat quality including body condi-
tion and apparent survival [38]. We attempted to accomplish this by investigating differences
and temporal changes in body condition and apparent survival at two locations with different
flooding influences. Previous research suggested that body condition increased throughout the
breeding season [39] and so we predicted that if habitat quality were reduced, body condition
would remain stable or decrease throughout the breeding season at the heavily flooded site. In
addition, we expected body condition and apparent survival of birds at the heavily flooded site
would be lower as a result of reduced habitat quality due to the extended period of inundation
compared to estimates at the site with marginal flooding in the post-flood time period.
Materials and methods
Study area
During the early spring of 2008, record rainfall fell in the Midwestern U.S., leading to above
average flows in the rivers in the Upper Mississippi river drainage. The above average flows
caused catastrophic flooding along many Midwestern Rivers and their floodplains, flooding
that was exacerbated by the extensive levee system that is in place to control flooding [40]. This
extensive flooding affected two study sites where we have monitored territorial males since
2004 at the White River National Wildlife Refuge (WR) and Saint Francis National Forest (SF)
[41–44]. Though both sites were affected by the flooding, WR was completely inundated for 1
month during the breeding season and SF only experienced minor flooding in < 10% of the
previously occupied territories.
From late April to early August 2004 through 2007, Benson et al. [39] used passive and
song-playback surveys to locate, capture, and color band territorial males at WR and SF. Dur-
ing the spring and summers of 2008 through 2010 we resurveyed all previously occupied terri-
tories and any potential surrounding habitat at both of these field sites.
SF is a 9150 ha mix of mostly upland forest and small patches of bottomland forest located
at the southern tip of Crowley’s Ridge. This site is located in Lee and Phillips counties in south-
east Arkansas and bordered to the east by the St. Francis and Mississippi rivers.
WR, also located in Southeast Arkansas and 48 miles southwest of SF, is one of the largest
contiguous tracts of remaining bottomland hardwoods in the southeastern U.S. Our study site
is a relatively high elevation area near Alligator Lake in the southern portion of the refuge.
Occupied habitat at WR is slightly higher in elevation, and therefore, less prone to flooding
than much of the rest of the refuge.
Survey technique
During the spring and summer of 2008 through 2010 we systematically resurveyed all previ-
ously occupied territories during 2004 through 2007. Surveys were conducted three times per
year in 2008 and 2009 and two times per year in 2010. We attempted to re-sight all returning
males using passive surveys for 10 minutes and song playbacks for 10 minutes in each previ-
ously occupied territory and all k potential habitat within the study areas. All un-banded males
were captured using targeted mist netting with song playbacks and fitted with a metal U.S.
Geological Survey band as well as a unique combination of three color bands (U.S.G. S. Master
bander permit # 21426). Once a bird was captured and banded, we measured the length of the
bill from the anterior edge of the nares to the tip, the left and right tarsi (middle of midtarsal
joint to the distal end of tarsometatarsus), the left and right unflattened wing chord, and the
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standard tail length, to the nearest 0.5 mm. We also recorded the mass of the bird using Pesola
and digital scales to the nearest 0.5 g.
Analyses
We generated body condition index scores for captured males by first using principal compo-
nent analysis to generate one variable (PC1) from our six correlated linear measurements and
then used residuals from a linear regression between this linear size variable and body mass as
an index of condition [45,46]. Birds with positive scores were considered in good condition
and those with negative scores were in relatively poor condition.
Using body mass adjusted to body size, we evaluated temporal effects of pre-flood and post-
flood time periods, day of year, location, and additive and interactive combinations of these
variables. Body condition data from 2004 was excluded from this analysis due to differences
in measurement techniques. Models were chosen based on previous literature i.e., [34] and
what we felt was biologically relevant to Swainson’s Warblers after a large scale flood event
(Table 1). We fit candidate models using general linear mixed models (SAS PROC GLIMMIX;
[47]) and evaluated results from these models using Akaike’s Information Criterion adjusted
for small sample size AICc, [48] and relative model weights based on AICc rankings. Addition-
ally, we used the sum of model weights across models including particular variables as indica-
tors of variable importance. To account for non-independence of resampled individuals, we
treated bird identification as a random effect.
We estimated apparent survival using Cormack-Jolly-Seber methods [49] in program
MARK [50]. We evaluated multiple hypotheses for variation in apparent survival and recap-
ture probability at the WR and SF (Table 2) and ranked these models using Akaike’s Informa-
tion Criterion adjusted for small sample sizes. Year effects between study sites for capture/
recapture probability were not evaluated in models due to comparable efforts at each location
over time. We fit models considering possible variation between locations and years (i.e. pre-
flood and post-flood time periods), and constant apparent survival.
Results
From 22 April to 16 July 2005–2010 we captured, banded, weighed, and measured 278 ter-
ritorial males, 122 at WR (35 in 2005, 26 in 2006, 22 in 2007, 28 in 2008, 6 in 2009, and 5 in
2010), and 156 at SF (13 in 2005, 22 in 2006, 18 in 2007, 62 in 2008, 35 in 2009, and 6 in 2010;
Table 3) to analyze body condition. The first principal component (PC1) of our PCA analysis
Table 1. Results from best-fitting temporal and location models used to predict body condition of
Swainson’s Warblers (n = 278)at White River National Wildlife Refuge and Saint Francis National For-
est, eastern Arkansas 2005–2010.
Model Ka ΔAICcb wi
flood × day of year 4 0 0.814
flood + day of year 3 3.09 0.174
flood + location 4 9.35 0.008
flood × location 4 10.91 0.003
flood 2 13.57 0.001
day of year 2 23.4 0.000
null (intercept only) 1 35.95 0.000
a number of parameters.
b AICc for the best ranked model was 686.44.
https://doi.org/10.1371/journal.pone.0175179.t001
Flooding effects on apparent survival and body condition
PLOS ONE | https://doi.org/10.1371/journal.pone.0175179 April 10, 2017 4 / 12
explained 40% of the variation (eigenvalue = 2.39) of our linear measurements and all variables
loaded positively (Table 4). There was a slight positive relationship between PC1 and mass
(mass = 0.14  PC1 + 15.67; r2 = 0.018). Mean condition estimates for WR and SF were −0.37
(n = 82) and −0.16 (n = 52) pre-flood, and −0.06 (n = 38) and 0.31 (n = 102) post-flood, respec-
tively, four birds were excluded from analysis due to missing measurements.
There was strong evidence for a difference in condition between pre-flood and post-flood
time periods (Swi = 1.00) and an effect of day of year (Swi = 0.98; Table 1) on condition, with
the most support for a model considering the flood × day of year interaction. Models that
included location effects were not well supported (Swi = 0.01; Table 1). To investigate if there
were differences in pre-flood and post-flood body condition and day of year we model aver-
aged condition for both time periods at mean day of year. Pre-flood condition was -0.274 (95%
C.I.: -0.420, -0.128) and post-flood condition was 0.201 (95% C.I.: 0.057, 0.343). Body condi-
tion increased throughout the breeding season at both locations in both pre-flood (Fig 1A)
and post-flood time periods (Fig 1B), although the slope was greater during the pre-flood
period (0.013) than the post-flood period (0.005).
To estimate apparent survival for territorial males, we resighted 254 individuals: 119 at WR
(21 in 2004, 31 in 2005, 22 in 2006, 20 in 2007, 18 in 2008, 7 in 2009) and 135 at SF (6 in 2004,
11 in 2005, 19 in 2006, 17 in 2007, 60 in 2008, and 22 in 2009). Four models fit the data better
Table 2. Results from the top models used to estimate annual apparent survival (Phi) and resighting probabilities for male Swainson’s Warblers
(n = 254) at 2 locations in Arkansas, White River National Wildlife Refuge (WR) and St. Francis National Forest (SF), 2005–2010.
Model Ka ΔAICcb AICcc wid
Φ (pre-flood WRandSFe 6¼ post-flood080910f WRandSF) p 3 0.00 652.34 0.36
Φ (pre-flood WRandSF 6¼ post-flood080910 WRandSF) p (pre-floodWRandSF6¼post-flood0809WRandSFg) 2 0.29 652.63 0.31
Φ (pre-flood WRandSF 6¼ post-flood080910 WRandSF) p(pre-flood WRandSF6¼post-flood080910 WRandSF) 3 1.79 654.14 0.15
Φ (pre-flood WRandSF 6¼ post-flood 080910WRandSF) p(pre-flood WRandSF6¼post-flood08 WRandSF h) 4 1.86 654.21 0.14
Φ p 2 7.64 659.99 0.01
a Number of Parameters.
b Δ AICc = AICci—minAICc.
c AICc = -2log L + 2K + 2K(K + 1)/(n-K-1).
d wi = exp[-{Δ AICci /2}]/Sum exp[-{Δ AICci/2}].
ePre-flood (2004–2007) at both WR and SF.
fPost-flood (2008–2010) at both WR and SF.
gPost-flood (2008 and 2009 only) at both WR and SF.
hPost-flood (2008 only) at both WR and SF.
https://doi.org/10.1371/journal.pone.0175179.t002
Table 3. Mean, standard error, and range of values for morphological measurements of male Swain-
son’s Warblers (n = 278) captured at White River National Wildlife Refuge and Saint Francis National
Forest, 2005–2010.
Variable Mean SE Range
Bill (mm) 11.36 0.04 10.0–13.70
Left leg (mm) 17.46 0.04 15.7–19.0
Right leg (mm) 17.50 0.04 15.0–19.0
Left wing (mm) 70.06 0.10 66.7–75.0
Right wing (mm) 70.19 0.10 66.0–75.0
Tail (mm) 47.47 0.17 30.0–53.0
Mass (g) 15.64 0.05 13.0–18.0
https://doi.org/10.1371/journal.pone.0175179.t003
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than the constant-survival model with models with flood period effects at both locations
accounting for 96% of the AICc weight (Table 2). Three models that included flood period
effects on both apparent survival and resight/recapture probability fit better than the constant
model and accounted for 60% of the AICc weight (Table 2). Contrary to expectation, no mod-
els with location effects ranked higher than the null model, indicating similar trends in appar-
ent survival at both study sites. The top model indicated lower apparent survival for the post-
flood period (Table 5).
Resight/recapture probability for the top model was 0.84 (SE = 0.04). The second-ranked
model indicated resight/recapture probability differing between flooding periods, pre-flood
0.80 (SE = 0.05) and post-flood 0.89 (SE = 0.05).
Discussion
Our body condition analysis indicated that post-flood body condition increased throughout
the breeding seasons at both study sites (Fig 1B), which was contrary to our expectations
though it increased more steeply in the pre-flood period.
Additionally, though average post-flood body condition was lower at WR than SF, but
models including location effects were not supported. Importantly, the best-supported model
indicated an interaction between flood period and date such that post-flood body condition
was greater than pre-flood at the beginning of the breeding season at both locations. However,
body condition toward the end of the breeding season was similar during both periods, sug-
gesting that habitat quality was not driving the differences we observed. Based on this evi-
dence, we suggest that during flood events and subsequently, food resources did not limit male
body condition in this species during the breeding season.
Our results indicate that something other than habitat quality on the breeding grounds
could be influencing body condition of territorial males, such as conditions during the non-
breeding season. There has been considerable study on the idea that bird populations are lim-
ited during the winter period e.g. [51, 52]. Specifically, food availability may be a limiting fac-
tor during this season and may lead to carry over effects [53]. Indeed, rainfall during the non-
breeding season is a known driver of arthropod populations on the wintering grounds of war-
bler species [53] and may influence overall condition of warbler species during the non-breed-
ing season[54,52]. For Swainson’s Warblers, whose wintering grounds include the Caribbean,
Mexico, and Central America, increased winter rainfall patterns are influenced by Southern
Oscillation weather patterns [55], commonly referred to as La Niña events. Both 2008 and
2009 were La Niña years in the Caribbean basin, Mexico, and Central America [56], which
may have led to increased food availability on the wintering grounds potentially explaining
Table 4. Principal component loadings for 6 linear measurements collected from the Swainson’s War-
blers (n = 278) at White River National Wildlife Refuge and Saint Francis National Forest, 2005–2010.
PC1 PC2
Eigenvalue 2.39 1.64
Percent Variance 0.40 0.27
Variable
Bill 0.42 0.23
Left leg 0.67 0.63
Right leg 0.65 0.68
Left wing 0.71 -0.57
Right wing 0.70 -0.59
Tail 0.42 0.23
https://doi.org/10.1371/journal.pone.0175179.t004
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why we observed greater average body condition during the post-flood period at the beginning
of the breeding season and why both of our study sites had similar body condition trends even
though WR was severely flooded.
Contrary to our expectations, apparent survival at WR was not lower than SF during the
post-flood period. The best-supported model indicated reduced apparent survival at both
Fig 1. Model-averaged relationship between body condition index (with 95% confidence intervals) of male
Swainson’s Warblers and day of year through the breeding season in (A) the pre-flood period (2005–2007) at
White River National Wildlife Refuge and Saint Francis National Forest and (B) the post-flood period (2008–
2010) at White River National Wildlife Refuge and Saint Francis National Forest.
https://doi.org/10.1371/journal.pone.0175179.g001
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locations in all years post-flood. These findings indicate both sites are exhibiting similar
declines in apparent survival. Whether the differences in apparent survival represent actual
survival or permanent emigration is unclear. At WR, the large-scale flood event could have
caused direct mortalities as documented in other taxa [57,58]. However, observations of birds
occupying territories and feeding on novel substrates during flooding events [16] suggest
birds can survive short-term flooding. We suggest that birds arriving on the flooded breeding
grounds dispersed to other drier habitats in the year of the flood and thereafter. Short-term
flooding induced dispersal has been documented in various taxa including insects [59, 9, 60]
and mammals [57]. For Swainson’s Warblers flooding was observed to cause short-distance
dispersal during the year of the flood [16]. Meanley [61] found that flooding caused four previ-
ously occupied territories to become unoccupied and Klaus [35] found flooding related aban-
donment of eight territories. In addition to emigration directly related to inundated territories
subsequent changes in habitat probably further discourage birds from settling there after
flooding events. Benson and Bednarz [17] documented that flooding caused declines in shrub
cover, litter depth, and litter cover led to reduced occupancy of territorial males in Arkansas.
Likewise, we found reduced occupancy to be associated with declines in litter cover and under-
story stems [18] which are known to affect food resources and nest site selection for this spe-
cies [44,17]. Though occupancy was reduced post-flood, at WR some birds chose to continue
to attempt to breed in these habitats [16]. For these birds, reduced understory density might
have led to lower nest success [44] and therefore dispersal as a result [62,63] leading to the sig-
nificant drops in occupancy at WR in the second and third years post-flood [18]. Subsequent
surveys at this site in 2014 found only two territories occupied and so it appears that this flood-
ing event lead many birds to emigrate due to reduced habitat quality for birds at this site [18]
leading to localized extirpation of this population (B. Reiley pers. obs).
Initially we hypothesized that similar factors could be influencing the apparent survival of
territorial males at SF. Recent anthropogenic habitat alterations might have reduced the habi-
tat quality for this species. During the winters of 2007 and 2009 the United States Forest Ser-
vice carried out prescribed burns to reduce understory fuels in some areas previously occupied
by territorial males [64]. We speculated that the prescribed burns instituted at SF might have
led to increased emigration due to lower habitat quality and therefore reduced apparent sur-
vival of individuals continuing to occupy these areas; however, occupancy analysis suggested
that burned territories had the same probability of being occupied as unburned territories in
subsequent years, often by the same occupant as the previous year [64]. So why did we see
lower apparent survival at the unflooded site? We suspect that the large number of males (60)
occupying territories at SF in 2008, which was significantly more than the average number of
territories (16) occupied in all other years, was driving the reduced apparent survival we
observed at this site during the post-flood period. We are uncertain why there was a sudden
increase in the number of territorial males in 2008, but only a small number of these males
returned in subsequent years, 22 and 10 in 2009 and 2010, respectively. Reduced returns of
these birds may have resulted from phenomena associated with the wintering grounds (e.g.,
habitat loss, drought) or migration (e.g., hurricanes). Alternatively, we propose that in 2008
Table 5. Model averaged estimates for adult apparent survival (φwith 95% confidence intervals) in
pre-flood years (2004–2007) and post-flood years (2008–2010) for male Swainson’s Warblers (n = 254)
at White River National Wildlife Refuge and Saint Francis National Forest.
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regional scale flooding within the Mississippi Alluvial Valley may have displaced many popula-
tions of this species leading to the increased number of Swainson’s Warblers at SF. If so, many
of these birds may have been occupying relatively lower quality territories in 2008 and so birds
may have permanently emigrated out of those territories in subsequent years, leading to the
lower apparent survivorship we observed.
While migratory species that occupy flood-prone areas have evolved strategies to emigrate
and find alternative habitats, we found that extreme flow events can be locally detrimental to
these species leading to lower apparent survival and local extirpation. While this study focused
on one species, our results demonstrate the vulnerability of floodplain dependent species of
concern to extreme flooding events which are an increasing threat due to climate change [11].
Future conservation strategies for these species will depend on identifying susceptible priority
species and the habitats they occupy to identify locations for targeted conservation efforts.
This could be efficiently accomplished through the use of broad scale species habitat modeling
such as the vulnerability index suggested by Royan et al. [65]. Specifically, for Swainson’s War-
blers, managers should identify and preserve the least flood-prone areas within large bottom-
land hardwood forest tracts [33,18]. Furthermore, managers should attempt to maintain thick
understory vegetation in areas that reach late successional stages. Uneven aged forest manage-
ment including group selection cuts combined with regular thinning like those suggested by
[66] would accomplish these goals and ensure that thick understory vegetation would have the
appropriate light to regenerate in the event of flooding.
Acknowledgments
Funding for this research was provided by the U.S. Fish and Wildlife Service and the Arkansas
Game and Fish Commission. R. Hines, S. Reagan, and D. Sharp of the White River National
Wildlife Refuge provided accommodation and access. We thank N. Anich, C. Roa, A. Zachary,
S. Rune, A. Overfield, J. Brown, W. Kohler, N. Bieber, and A. Beeler for their assistance in the
field.
Author Contributions
Conceptualization: BMR TJB JCB.
Data curation: BMR TJB.
Formal analysis: BMR TJB.
Funding acquisition: BMR JCB.
Investigation: BMR TJB JCB JE.
Methodology: BMR TJB JCB.
Resources: JCB.
Writing – original draft: BMR TJB JCB.
Writing – review & editing: BMR TJB JCB JE.
References
1. Brawn J D, Robinson SK Thompson F R III (2001) The role of disturbance in the ecology and conserva-
tion of birds. Annual Review Ecology Evolution and Systematics 32: 251–276.
Flooding effects on apparent survival and body condition
PLOS ONE | https://doi.org/10.1371/journal.pone.0175179 April 10, 2017 9 / 12
2. Junk WJ, Bayley PB, Sparks RE (1989) The flood pulse concept in river-floodplain ecosystems. 110–
127. In Dodge, D. P. Proceedings of the International Large Rivers Symposium. Canadian Journal of
Fisheries Aquatic Science Special Publication 106. Ottawa, ON, Canada.
3. Shramm HL, Cox MS, Tietjen T E, Ezeil AW (2009) Nutrient dynamics in the lower Mississippi River
floodplain: comparing present and historic hydrologic conditions. Wetlands 29: 476–487.
4. Tockner K, Stanford JA (2002) Riverine flood plains: present state and future trends. Environmental
Conservation 29: 308–330.
5. Paine RT, Tegner M J, Johnson EA (1998) Compounded perturbations yield Ecological surprises. Eco-
systems 1: 535–545.
6. Turner JG, Dale VH (1998) Comparing large, infrequent natural disturbances. Ecosystems 1: 493–496.
7. Turner JG, Baker WL, Peterson C J, Peet RK (1998) Factors influencing natural disturbances. Ecosys-
tems 1: 511–523.
8. Andersen DC, Wilson K R, Miller MS, Falck M (2000) Movement patterns of riparian small mammals
during predictable floodplain inundation. Journal of Mammalogy 81: 1087–1099.
9. Johnson DM (2004) Source-sink dynamics in a temporally heterogeneous environment. Ecology 85:
2037–2045.
10. Van De Pol M, Ens BJ, Heg D, Brouwer L, Krol J, Maier M, Exo K-M et al. (2010) Do changes in the fre-
quency, magnitude and timing of extreme climatic events threaten the population viability of coastal
birds? Journal of Applied Ecology 47: 720–730.
11. Min SK, Zhang X, Zwiers FW, Hegerl GC (2011).Human contribution to more-intense precipitation
extremes. Nature 470: 378–381 https://doi.org/10.1038/nature09763 PMID: 21331039
12. Pall P, Aina T, Stone DA, Stott PA, Nozawa T, Hilberts et al. (2011) Anthropogenic greenhouse gas con-
tribution to flood risk in England and Wales in autumn 2000. Nature 470: 382–385. https://doi.org/10.
1038/nature09762 PMID: 21331040
13. Prudhomme C, Young A, Watts G, Haxton T, Crooks S, Williamson J et al. (2012) The drying up of Brit-
ain? A national estimate of changes in seasonal river flows from 11 regional climate model simulations.
Hydrological Processes 26: 1115–1118.
14. Knopf FL, Sedgwick JA (1987) Latent population responses of summer birds to a catastrophic, climato-
logic event. Condor 89: 869–873.
15. Knutson MG, Klaas EE (1997) Declines in abundance and species richness of birds following a major
flood on the upper Mississippi river. Auk 114: 367–380.
16. Anich NM, Reiley BM (2010) Effects of a flood on foraging ecology and population dynamics of Swain-
son’s Warblers. Wilson Journal of Ornithology 122: 165–168.
17. Benson T J, Bednarz JC (2010a) Relationships among survival, body condition, and habitat of breeding
Swainson’s Warblers. Condor 112: 138–148.
18. Reiley BM, Benson TJ, Bednarz JC (2013). Mechanisms of flood-induced territory abandonment in an
obligate ground-foraging bird. Condor 115: 650–658.
19. DeRagon WR (1988) Breeding ecology of seaside and sharp-tailed sparrows in Rhode Island salt
marshes. M. Sc. Thesis, University of Rhode Island, Kingston, R.I.
20. DiQuinzio DA, Paton PWC, Eddleman WR (2002) Nesting ecology of salt-marsh sharp-tailed sparrows
in a tidally restricted salt marsh. Wetlands 22: 179–185.
21. Reinart SE (2006) Avian nesting response to tidal-marsh flooding: literature review and a case for adap-
tation in the red-winged blackbird. In Greenberg R, Maldonado JE, Droege S, Mcdonald MV (eds) Ter-
restrial vertebrates of tidal marshes: evolution, ecology and conservation. Studies in Avian Biology 32:
77–95.
22. Hoover JP (2006) Water depth influences nest predation for a wetland-dependent bird in fragmented
bottomland forests. Biological Conservation 127: 37–45.
23. Chiavacci SJ Bednarz JC Benson TJ (2014) Does flooding influence the types and proportions of prey
delivered to nestling Mississippi Kites? Condor 116: 215–225.
24. Chiu M-C, Kuo M-H, Hong S-Y and Sun Y-H (2013) Impact of extreme flooding on the annual survival of
a riparian predator, the Brown Dipper Cinclus pallasii. Ibis 155: 377–383.
25. Saether BE and BakkeØ (2000) Avian life history variation and contribution of demographic traits to the
population growth rate. Ecology 81: 642–653.
26. Stahl JT and Oli MK (2006) Relative importance of avian life- history variables to population growth rate.
Ecological Modelling 198: 23–39.
27. Anich NM, BensonTJ, Brown JD, Roa C, Bednarz JC, Brown RE et al. (2010) Swainson’s Warbler (Lim-
nothlypis swainsonii), The Birds of North America Online (A. Poole Ed.). Ithaca: Cornell Lab of
Flooding effects on apparent survival and body condition
PLOS ONE | https://doi.org/10.1371/journal.pone.0175179 April 10, 2017 10 / 12
Ornithology; Retrieved from the Birds of North America Online: http://bna.birds.cornell.edu.bnaproxy.
birds.cornell.edu/bna/species/126 (16 November 2011)
28. U.S. Fish and Wildlife Service (2008) Birds of Conservation Concern 2008. United States Department
of the Interior, Fish and Wildlife Service, Division of Migratory Bird Management, Arlington, VA. 85 pp.
29. Meanley B (1970) Method of searching for food by Swainson’s Warbler. Wilson Bulletin 82: 228–231.
30. Meanley B (1971) Natural history of the Swainson’s Warbler. North American Fauna 69.
31. Barrow WC (1990) Ecology of small insectivorous birds in a bottomland hardwood forest. Phd Thesis.
Louisiana State University, Baton Rouge.
32. Graves GR (1998) Stereotyped foraging behavior of the Swainson’s Warbler. Journal of Field Ornithol-
ogy 69: 121–127.
33. Benson TJ, Brown JD, Anich NM, and Bednarz JC (2011) Habitat availability for bottomland hardwood
forest birds: the importance of considering elevation. Journal of Field Ornithology 82: 25–31.
34. Graves GR (2001) Factors governing the distribution of Swainson’s Warbler along a hydrological gradi-
ent in Great Dismal Swamp. Auk 118: 650–654.
35. Klaus NA (2004) Swainson’s Warblers may shift territories in response to spring flooding. Oriole 69: 19.
36. Twedt DJ, Loesch CR (1999) Forest area and distribution in the Mississippi alluvial valley: implications
for breeding bird conservation. Journal of Biogeography 26: 1215–1224.
37. Thompson JL (2005) Breeding biology of Swainson’s Warblers in a managed South Carolina bottom-
land forest. Phdc Dissertation. North Carolina State University.
38. Johnson MD (2007) Measuring habitat quality: A review. Condor 109: 489–504.
39. Benson TJ, Bednarz JC (2010b) Short-term effects of flooding on understory habitat and the presence
of Swainson’s Warblers. Wetlands 30: 29–37.
40. Sharp DW (2012) White River National Wildlife Refuge Comprehensive Conservation Plan. U. S. Fish
and Wildlife Service, Southeast Region, Atlanta, GA, USA. http://www.fws.gov/southeast/planning/
PDFdocuments/White River Final CCP/WebVersionWhiteRiverFinalCCP.pdf
41. Bednarz JC, Stiller-Krehel P, Cannon B (2005) Distribution and habitat use of Swainson’s warblers in
eastern and northern Arkansas. U S Forest Service General Technical Report PSW 191, 576–588.
42. Anich NM, Benson TJ, Bednarz JC (2009) Estimating territory and home-range sizes: do singing loca-
tions alone provide an accurate estimate of space use? Auk 126: 626–634.
43. Brown JD, Benson TJ, Bednarz JC (2009) Vegetation characteristics of habitat occupied by Swainson’s
Warblers at the White River National Wildlife Refuge, Arkansas. Wetlands 29: 586–597.
44. Benson TJ, Anich NM, Brown JD, Bednarz JC (2009) Swainson’s Warbler nest-site selection in Eastern
Arkansas. Condor 111: 694–705.
45. Brown ME (1996) Assessing body condition in birds. Current Ornithology 13: 67–135.
46. Latta SC, Faaborg J (2002) Demographic and population responses of Cape May Warblers wintering in
multiple habitats. Ecology 83: 2502–2515.
47. Littell RC, Milliken GA, Stroup WW, Wolfinger RD, Schabenberger O (2006) SAS for mixed models.
SAS Institute, Cary, North Carolina.
48. Burnham KP, Anderson DR (2002) Model Selection and multi-model inference. Springer, N.Y.
49. Lebreton JD, Burnham KP, Clobert J, Anderson DR (1992) Modeling survival and testing biological
hypotheses using marked animals: a unified approach with case studies. Ecological Monographs 62:
67–118.
50. White GC, Burnham KP (1999) Program MARK: survival estimation from populations of marked ani-
mals. Bird Study 46(Supplement): 120–138.
51. Rappole JH, McDonald MV (1994) Cause and effect in population decines of migratory birds. Auk 111:
652–660.
52. Sherry TW, Holmes RT (1996) Winter habitat quality, population limitation, and conservation of neotrop-
ical–Nearctic migrant birds. Ecology 77: 36–48.
53. Brown DR, Sherry TW (2006) Food supply controls the body condition of a migrant bird wintering in the
tropics. Oecologia 149: 22–32. https://doi.org/10.1007/s00442-006-0418-z PMID: 16639569
54. Strong AM, Sherry TW (2000) Habitat-specific effects of food abundance on the condition of Ovenbirds
wintering in Jamaica. Journal of Animal Ecology 69: 883–895.
55. Rogers JC (1988) Precipitation variability over the Caribbean and tropical Americas associated with the
southern oscillation. Journal of Climate 1: 172–182.
56. Pierce D[online]. (2011) Scripps Institution of Oceanography—Experimental Climate Prediction Center.
<htttp://www.meteora.ucsd.edu/~pierce/elnino/history.html> (08 December 2011).
Flooding effects on apparent survival and body condition
PLOS ONE | https://doi.org/10.1371/journal.pone.0175179 April 10, 2017 11 / 12
57. Jacob J (2003) The response of small mammal populations to flooding. Mammalian Biology 68: 10–
111.
58. Golet GH, Hunt JW, Koenig D (2013) Decline and recovery of small mammals after flooding: implica-
tions for pest management and floodplain community dynamics. River Research and Applications 29:
183–194.
59. Hering D, Gerhard M, Manderbach R, Reich M (2004) Impact of a 100-year flood on vegetation, benthic
invertebrates, riparian fauna and large wood debris standing stock in an alpine floodplain. River
Research and Applications 20: 445–457.
60. Bates AJ, Sadler JP, Fowles AP (2006) Condition dependent dispersal of patchily distributed riparian
ground beetle in response to disturbance. Oecologia 150: 50–60. https://doi.org/10.1007/s00442-006-
0508-y PMID: 16906428
61. Meanley B (1966) Some observations on habitats of the Swainson’s Warbler. Living Bird 5: 151–165.
62. Doligez B, Danchin E, Clobert J, Gustafsson L (1999) The use of conspecific reproductive success for
breeding habitat selection in a non-colonial, hole-nesting species, the Collared Flycatcher. Journal of
Animal Ecology 68: 1193–1206.
63. Hoover JP (2003) Decision rules for site fidelity in a migratory bird, the Prothonotary Warbler. Ecology
84: 416–430.
64. Everitts JL, Benson TJ, Bednarz JC, Anich NM (2015) Effects of prescribed burning Swainson’s War-
bler home-range size and habitat use. Wildlife Society Bulletin 39: 292–300.
65. Royan A, Hannah DM, Reynolds SJ, Noble DG, Sadler JP (2014) River birds’ response to hydrological
extremes: New vulnerability index and conservation implications. Biological Conservation 177: 64–73.
66. Twedt DJ, Somershoe SG (2009) Bird response to prescribed silvicultural treatments in bottomland
hardwood forests. Journal of Wildlife Management 73: 1140–1150.
Flooding effects on apparent survival and body condition
PLOS ONE | https://doi.org/10.1371/journal.pone.0175179 April 10, 2017 12 / 12
